A three-dimensional model of the Logone Birni Basin (LBB) is presented by combining gravity and magnetic data and constrained by broad seismic profiles. The 3-D model has revealed the distribution of the stratigraphic formations as well as the top basement variation. Detailed structure of different stratigraphic sequences is presented for the first time for this basin and some of the sequences correlate with established sequences of the neighboring basins. The sediments pill consists of six sedimentary units dating from the Neocomian to the Quartenary. The Makary subbasin or Northern Logone Birni Basin (NLBB) is the deepest part of the basin and may hold good prospect for hydrocarbon generation and accumulation. However, the limited presence of faults and intrusive bodies decreases the possibility of thermal degeneration, contrary to the Central Logone Birni Basin (CLBB) where conditions seem to be fulfilled for possible hydrocarbon generation and maturity. The complexity of the structural pattern of the model is further enhanced by the presences of volcanic bodies, some of which lay directly on basement or interbedded with the sediments layers mainly in the CLBB.
Introduction
The Logone Birni basin (LBB) belongs to the Lake Chad basin, near the Doba Open Journal of Geology Birni basin. However, potential field (gravity and magnetic) and seismic studies, or the combination of the two have provided broad information in the shallow and deep structure of this basin [5] by combining the spectral analysis and the 2.5D modelling of the gravity field proposed 3100 m as sediment thickness of the lower part of the basin, and the basement was intruded by volcanic rocks of Post-Cretaceous age. To further improve our knowledge on this basin, the major structural trends limiting different grabens and the distribution of the main buried volcanic bodies as well as their relationships with the structural and tectonic evolution were recently presented [6] [7] . It has been observed that the basin was associated with an intense volcanic activity during the Cretaceous, although the intrusive bodies were mainly confined to the basement. More recently, [8] [9] proposed the top basement map defining the sediment thickness distribution in the area, and they found that the basin contains up to 6000 m of Early Cretaceous to Recent sediments. Indeed, this model has improved our knowledge of the basement structure, but his accuracy is still limited due to lack of constrains, although it provides first order information in sediment thickness estimates. The other problem with these previous models is that they do not take into account different sediment sequences, whereas it is well known that knowledge of sediment stratigraphy is a key element to understand field scale lateral and vertical reservoir property and their fluid production [10] - [16] . Further, the possible occurrence of oil and gas in commercial quantities in the LBB has been a subject of controversy due to very scanty prospectivity data. Apart from above mentioned limited studies, no geochemical source rock data nor exploratory well has been drilled or identified in this basin. It is well known that petroleum is an exhaustible resource and dwindles on reserve with time. Therefore, it is imperative for a country like Cameroon, to continue the search for more oil and gas to add to its reserves. In the light of terrestrial gravity and aeromagnetic data, we propose a 3D geophysical model of different sediment strata in the LBB. The model is constrained by broad seismic sections. The main objective is to delineate areas with thick sedimentary formations and to localize possible hydrocarbons sources in the area. By shedding more light on the mineral and hydrocarbon perspectivity of the LBB, we also perhaps add to our reserves, for the betterment of our economy and development.
Geology and Tectonic Background
In this section, a brief review of the tectonic and surface geology is given. We refer the reader to [1] 
Stratigraphy
To date, no exploratory wells have been drilled in northern Cameroon, the general stratigraphy is deduced from seismic data from the adjacent basins [1] [15]
[20] [22] .
A Generalized stratigraphic column of the LBB is shown in Figure 1 (b). According to [7] , sedimentation in the LBB was initiated during the Neocomian-Albian rifting period. From seismic and gravity modeling, more than 8000 m of sediments cover the crystalline basement in the deepest parts of the basin.
The oldest sediments in the LBB attributable to the Pre-Bima are of Neoco- Gombe Formation, which is characterized by parallel to sub-parallel, discontinuous to chaotic reflectors, inter-bedded sand-shale [7] . The Quaternary Keri-Keri formation which overlies the Gombe formation is the uppermost layer in the LBB. It is essentially made up of sands to shale sands presenting low to high amplitude continuous and parallel reflectors [7] .
Method and Data
We generally face major problems when construction geophysical models in Cameroon, due to lack of geological constrains (seismic reflection or refraction, density information and drillhole data…), which seriously limit the efficiency of previous models. However, using gravity and magnetic data, broad seismic lines and general information on sediment thickness in the area, we try to build a modelling strategy to obtain the geometry of different sediment strata in the LBB. We first calculate and remove effect of deep sources in gravity and magnetic using stripping residual and upward continuation methods for gravity and magnetic respectively. Then to image the geometry of different strata, we use these residuals fields to perform a 3D forward gravity and magnetic modeling 
Data

Gravity Data and Processing
The ground gravity dataset were extracted from the Bouguer gravity anomaly map established by [29] and made available by IRD (Institut de Recherche pour le Développement, France). This dataset covers the region between longitudes latitudes 9˚55'N to 13˚N and between longitudes 14˚10'E to 15˚35'E and consists of approximately 1350 points. The measured points have a relatively even distribution throughout the study area ( Figure 2 ), although the data are concentrated along major roads and tracks with a station spacing of 2 -5 km [29] . All the data were tied to the IGSN71 reference system, and a density of 2670 kg/m 3 was used for the Bouguer correction. The Bouguer map of the study area ( Figure  2 (a)) was generated with grid spacing of 5 km. The measured gravity field (Figure 2 (a)) in North Cameroon usually shows the combined effect of a local associated with the superficial rocks and a regional caused by deeper structures in the earth's crust [6] . The large features generally show up as trends, which continue smoothly over a considerable distance. These trends are known as regional trends. Superimposed on the regional field, but frequently camouflaged by these, are the smaller, local disturbances which are secondary in size but primary in importance. The regional is usually separated from the total Bouguer field to obtain the residual anomalies. They may provide direct evidence of the existence of the reservoir structures in sedimentary basin or mineral ore bodies [30] [31] . Thus, to effectively use Bouguer gravity data to infer the properties of the anomaly due to sediment, the gravity anomalies of shallower sources most be enhanced. To this end, we calculate the gravity effect of the Moho (Figure 2 (c)) and remove this effect from the total gravity field. By following this approach, we are sure to remove the effect of deeper sources from the gravity and therefore the upper crust signal is enhanced and useful for the purpose of our 3D model (Figure 2(d) ). To calculate this gravity effect, we take advantage of the Moho map recently published by [32] (Figure 2(b) ).
Magnetic Data and Processing
The aeromagnetic data used for this study were provided by GETECH and are 
Applying the Fourier convolution in the Equation (1) we have 
Modelling
To model with IGMAS+, one necessarily needs to define an initial model structure, and density values of the bodies forming the model. To this end, we take advantage of a priori information from regional geology and tectonic previously published in the area. The initial density structure is based on previous geophysical studies including the structure, the thickness and the composition of the basement and sediment layers. The study area was divided into 16 west to east oriented cross sections and long of about 150 km, with average spacing of around 20 km. From south to north direction 210 km, the model is about 210 km wide. To avoid edge effects, the model structure was extended in all directions with more than 50 km, and reaching 25 km in depth. The initial top basement boundary was defined following the prior basement geometry published by [8] . To account for the influence of sediment thickness across the study area, on the crustal structure, modelling of the basin subsurface configuration is difficult in Northern Cameroon due to the lack of constraining data like seismics, drilling or logging data. However, a six sub-layer model on the basis of seismic drillings results from adjacent basins to the LBB [7] [12] [13] [14] [15] [23] was chosen as a starting point for the 3D model, as it is proven that the LBB has undergone a similar tectonic and geological history with some of its neighbouring basins. To build an acceptable geological model, a density value for each modelled lithological unit is required. Rock densities were extracted from [7] , whereas of magnetic susceptibility, stem from average values measured from rock samples worldwide [34] as no susceptibility measurements from rock samples, are publicly available. Rock densities and magnetic susceptibility values are shown in Table 1 .
Results
In This section we present the results of our 3D forward model with the main Table 1 . Density and susceptibility values of different crustal units used for the 3D Model. Former densities are extracted from [7] . Three selected profiles were used to illustrate the result of the forward gravity/magnetic model. They were selected so that they overlap the seismic sections previously published by [7] . One has to acknowledge that even though the resolution of these previous seismic sections is relatively low; they provide first order information on different major structures encountered in the basin. The cross sections display density structure in the lower panel and computed as well as observed gravity and magnetic values are presented in the upper panel.
Cross section A ( Figure 5 ) is oriented SW-NE and crosses the southeast of northern, central and southern logone birni basin respectively (Figure 8(e) ).
This layer is thicker compared to the Pre-bima formation.
Gongila formation
Similar to Bima formation, Gongila formation is also presents across all the depressions in the study area (Figure 8(d) ). Our model shows that this formation thickens to the north of Makary and the east of Hinale where the thickness reaches 1100 m, whereas it thins with less than 900 m in the south (SLBB).
Fika formation
The Gongila formation is overlain the Turonian-Senonian Fika Formation which is also extensive in the LBB (Figure 8(c) ). According to our model, the Fika formation is almost equivalently thick along the three most important depocenters in the LBB (CLBB, NLBB, and SLBB), with around 1900 m of sediments. In the rest of the study area, this layer is thin with less than 600 m.
Gombe formation
Also expanded all over the LBB, the Gombe formation seems relatively thin compared to the Fika formation. Its thickness is not more than 500 m in the three main depocenters (Figure 8 
Keri-keri
The Keri-keri formation (Figure 8(a) ) is the uppermost layer in the LBB. According to our model, there is no important thickness variation of this layer throughout the area of study and reaches a maximum thickness of 500 m.
Discussion
The 3D geophysical model of the LBB is discussed and we focus our discussion on the architecture of different sediment strata, thickness distribution, localization of volcanic rocks and possible hydrocarbon implications. The 3D forward modeling was used and constrained by seismic sections published by [7] in order to exhibit sources of potential field anomalies within the LBB.
Top Basement
The top basement map (Figure 8 (g)) obtained from the 3D forward modeling
shows its maximum depth of about 6000 m in the Makary sub-basin (NLBB), and its minimum in the Yagoua sub-basin south (SLBB) with the depth around 4400 m. This result agrees with [7] but contradicts [8] who presented a deeper basement compared to our result (Table 2) . But similar to [8] and [9] , our basement displays important topography variations throughout the study area (Figure 8(g) ). From this observation, these authors concluded that the basement was strongly ridged and faulted. However, our model exhibits limited basement-involved fault in the central and south of the LBB, contrary to the northern part which seems highly faulted, with some of the faults showing compressional imprints [7] , probably indicating inversion of this part of the basin during the Lower Cretaceous times. This result is in good agreement with [7] , who previously mentioned compressional offset in this part of the LBB.
Stratigraphic Sequences and Hydrocarbons
Our model shows that throughout LBB, the Pre-Bima layer lies directly on the basement, with a maximum thickness of about 900 m (Figure 8(f) ). This layer has also been identified in the nearest basin, the Bornu basin where it shows important thickness, ca. 3000 m [15] . There are limited evidences helping to identify the origin of the thicknesses gap between this two basins, as they are supposed to undergone the similar tectonic history. However, we may speculate -7) shows that the pre-bima and bima formations are strongly folded and faulted within the study area. These results are supported by [15] who have previously shown that folding in common feature sedimentary layers in southern Chad basins and that this originate from the reopening of pre-existing rift graben following the oblique extension and further subsidence and the compaction of sediments. According to our model, the thickness of the Gongila formation is irregularly distributed in the LBB and is reaches his maximum of about 1100 m around the Makary subbasin and east of the CLBB (Figure 8(d) ). [12] [15] reported similar thickness for this layer in the Bornu basin. Our model also shows that the Fika formation (Figure 8(c) ) is the thickest layer in the LBB and reaches 2000 m in the CLBB. Similar results were found in exploration wells east of the Bornu basin close to the CLBB [12] [14] .
The two uppermost layers namely the Gombe (Figure 8(b) ) and the Keri-keri (Figure 8(a) ) formations do not present important variations compared to the other layers. They can be found all over the study area where their thickness does not exceed 250 m for the Gombe and 500 m for the Keri-keri layer. Our result is in good agreement with [7] [14] [17] who find similar results in the southern Chad basins.
Early Cretaceous to Recent Sediment rocks that fills the LBB attains the thickness of approximately 6000 m. [36] has shown that 35% of rifted basins contain giant oil fields (e.g., the intra-oceanic rift system of the North Sea and the epicontinental Sirte embayment in Libya) as it is the case of LBB. Therefore the discoveries of oil in its nearby Chadian and Nigeria basins coupled with the important sediment thickness and the ages of rocks probably indicated that the LBB may have significant hydrocarbon prospect.
Previous investigations indicate the discoveries of petroleum and gaz fields to the Nigeria Bornu basin and that the source rocks are Bima and Fika formations [13] [37] [38] . The Gongila and Gombe are also suitable reservoirs [39] . From the above description, each part of the LBB is potentially prospective. However the deepest part of the basin, the Makary subbasin may hold the best condition for hydrocarbon generation and accumulation but the limited presence of faults and intrusive bodies decreases the possibility of thermal degeneration and potential of structural and stratigraphic traps. In contrast, our model shows that the CLBB may fulfill the conditions for hydrocarbon generation and maturity.
The folded area dominated from top to bottom by intrusive rocks, even though the rapid sedimentation may affect the geothermal gradient in fold areas, the 
Conclusion
The interpretation of gravity and magnetic data together with the modeling software package IGMAS+ as enabled the establishment of a 3-D model of the LBB, was constrained by available seismic profiles. The thickness and the distribution of the geometry of each formation (Kerri-kerri, Gombe, Fika, Gongila and Bima) and the whole sediment package have been figured out. The Model shows that each part of the LBB is potentially prospective for petroleum exploration, like the Makary subbasin which is the deepest part of the LBB, but the limited presence of faults and intrusive bodies along this layer may not favor the presence of traps or thermal rock maturity. In return, the structural style of the CLBB, which is almost similar with the Bornu in Nigeria, is an indication of good prospects for possible hydrocarbon plays in this area. However, at the present level of knowledge, it is hard to introduce further details on the model structure, as sufficient further information is not available. It is therefore vital that additional new investigations are needed, including wells drillings, 3D seismic technique or organic geochemistry in order to better figure of the subsurface geology of the LBB. This would help to draw final conclusions on the petroleum prospects of this basin.
